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ABSTRACT 
THE BEI-1AVIOR AND STRENGTH 
OF BOLTED SHINGLE SPLICES 
by 
Edward H. Power 
Bolted shingle joints are currently designed by methods 
developed for riveted joints in single shear which Llo not make 
effective use of the high shear strength of the f astcnc:rs. In 
this study, the results of a series of analytical st·,,=.:es and a 
complimentary test program examining the strength and behav:Lor of 
bolt·ea shingl!= joints are presented. 
/ Ctiteria for the desian of 
_. 
shingle joints based on the observed behavior are suggested. 
The variables examined in the analytical studies were 
. 
{a) the An/A5 ratios, (b) the number of fasteners, (c) the number 
of fasteners per region, and (d) the number of regions. Similar 
to butt joints, the average shear strength of shingle joints was 
shown to decrease with joint length. 
, 
The test program was developed from the analytical 
-· 
• 
studies to show experimentally that the predicted tre:nl'.,~ in joint 
behavior were valid. Nine shingle joints of A572 steel •.·,'ere 
· tested. ~o joints were fastened with 7/8 in. Huck.bolts. The 
. remaining joints were fastened with 7 /8 in. A325 bolts. The sl.ip 
,· 
• 
-- -----· -~--- . 
'-~ 
.. 
... 
.. 
. 
2. 
characteristics and strength of the Huck-bolted joints were com-
parable to the behavior of the A325 bolted joints. The test 
results confirmed the indications of previous studies that the 
slip in shingle joints tends to be less than the hole clearance. 
Various design methods approximating the distribution of load in 
the joint.elements are compared with the experimental load parti-
tions at the working load level. A preferred rnetl·1od of design is 
reconunended. 
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ABSTRACT 
Bolted shingle joints are currently designed by m-ethods 
developed for riveted joints in single shear \•,hicr1 do not make 
effective use of the high shear strength of the faster1ers. In 
this study, the results of a series of analytical stucJj_ris and a 
complimentary test program examining the strength and l)el~c!\1 icjr"\ of 
bolted shingle joints are presented. Criteria for the design of 
shingle joints based on the observed behavior are suggested. 
The variables examined in the analytical st·udies were 
(a) the A /A ratios, (b) the number of fasteners, (c) the number n s 
of fasteners per region, and (d) the number of regions. Si.milar 
to butt joints, the average shear strength of shingle joints was 
shown to decrease-with joint length. 
The test program was developed from the analytical 
studies to show.exp~rimentally that the predicted trends in joint 
behavior were valid. Nine shingle joints of A572 steel were 
tested. Two joints were fastened with 7/8 in. Huckbolts. The 
remaining joints were fastened with 7 /8 in. A325 bolts. The sli.p 
characteristics and strength of the I-luck-bolted joints were com-
parable to the behavior of the A325 bolted joints. The test 
results confirmed the indications of previous studies that the 
.. 
• 
• . . 1 • 
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• 2 • 
sl.ip in shingle joints tends to be less than the hole clearance. 
Various design methods approximating the distributior1 of lc1 acJ i.n 
the joint elements are compared with the experimental load 
tions at the working load level. A preferred method of design is 
reconunended. 
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·1. INTRODUCTION 
1.1 Background 
Shingle joints, that is, joints in which the main com-
ponents are spliced at various locations along the lengtl1 of the joint, have been used extensively in heavy tension members to re-
duce the amount of splice material. These joints are designed by 
methods developed for riveted joints in single shear using various 
approximations to determine the distribution of plate forces and 
the shear .transfer along the joint length. Wher1 hig11 strength 
bolts were considered as a replacement for ri\1ets in !Jllildings, 
bridges and other steel structures, friction-type l)c)lt:::: joints 
were often used. These joints were considered 
riveted joints and did not take full advantage of t11e 11i 1;Jl·i sl1ear 
strength of the bolts. It was believed that the methods us c.::: to • 
proportion shingle joints and the assumption that they were slip 
critical, were unduly conservative and most likely wasteful • 
.. 
1.2 Summary of Previous Study 
.. 
Fisher and Yoshida summarized the previous experimenta1 
and theoretical. work on large riveted bridge joints. 6 They re-
• 
• 
ported on the testing .of two large shingle joints which sim1.1lated ;. ' 
3. • .. 
... 
·, 
.. 
• 
• 
. .. 
.. 
•: 
• 
"• w•],Jj 
,,-
•llli. 
• 
.. 
-: . '{)(\t{·:);:.J '.~:~(:i~- \~-·-"':?i'~~;-~~~~f)·::3:: .. ::- :· -:'\'a<:·'·, 
... 
. 1. 
• 
.•· 
• 
" 
4. 
part of a chord member and splice from the Baton Rouge Interstate 
Bridge. One large joint was fastened with A325 bolts and t11e: c1 tl·1er 
with A502 Gr. l rivets. The work was limited to an evaluation of joint behavior in the elastic range, up to and including major joint slip. The testing was terminated ~;hen the machine capacity 
was reached, thus, the ultimate strengths of .the joints could not 
· be determined. 
The fastener design stress was taken as twice the value 
normally used for bridge joints. The force in a m ...... i· r· ··· l ·· + · · , C1 .,. l :.,_ ___ : ......:- C-~ \ .... (~ 
assumed to be transmitted to the lap plates in prop,ortior1 to tr1eir 
distance from the main plate and fasteners were provided to resist 
these forces. 
It was observed in the experiment that load was trans-
ferred from all main elements to the lap plates as these elements 
·. progressed into the joint. This resulted in substantially more 
load being carried by the lap plates than \•Jas assl1rnccl in the joint 
design. The forces in each discontinuous plate c:;le::-\c~r1t v1ere 
transferred primarily into the adjacent plate elen1er1ts . 
It was noted that large and complex bolted joints are 
unlikely to slip the full amount of the bolt-hole clearartce. The 
slip (rigid-body movement) that occurred in the large l:olted joint 
··;'. ·· was about SO% of the hole clearance. Slip also occurred in the 
l.arge riveted joint and was about 2/3 the amount observed in the .. -- . . " -.. ,, - ' 
. •. 
. . . - ' . 
. • 
.  
.• 
" 
:-'<f~}~:~Jtt;}11i~~t\tft:_~-~~' (~-< -~\ -~/, _:_ ·. ·_: -.. -.· -~ , - .. -• 
. '-;· -_- ._, ~,· . ' 
... 
I 
• 
• 
• 
, ... 
•:: 
-~-
• s . 
bo1ted joint. The overall deformation of the large riveted joint 
al.ways exceeded the comparable deformation in the larg-e t;0lte·d joint at any given load level. 
Since it was not possib1e to determine the ultimate 
strength of the two large simulated bridge joints, the net cross 
sectional areas of the joints were reduced so that failure could 
occur within the machine capacity. During the modification the I 
ratio of net plate area to fastener shear area, An/A5 was main-
tained. 
The results of the re-testing of these modified joints 
were reported by Rivera and Fisher. 9 
1oad partition in the modified joints were determir1ed c;<r_:c:~c~::-:en-
tally. At the ultimate load of 3550 kips in the Modifiec: :;~lte·d 
Joint, there was considerable variation in the load carrie·d by 
the individual fasteners. The study showed that the end fasteners 
.. in the first region were critical and that fasteners installed in 
• 
the interior regions were not very effective. The Modified Riveted 
Joint provided a better redistribution of force to the interior 
regions due to the greater flexibility of the rivets. The lx>lted joirit however, was 27% stronger than the riveted joint. The end 
.. fasteners·of both joints failed by unbuttoning. 
It was also indicated that the partition of load esti-
mated by the design method was not very satisfactory. T11e r:~;c:t~t1od 
substantially over-predicted the critica1 shear transfer i.n the 
interior regions. 
• 
•• 
.. 
.•. 
¥' -. 
l 
6. 
A theoretical load partition for shingle joints in the 
elastic range was also developed.9 At that time, a mat:,,::r.wtical 
model for shingle joints had not yet been developed for Lt,e in-
e1astic case . 
Desai and Fisher reported on the development of a math-
ematical model for shingle joints that permitted the complete 
force-displacement relationship to be predicted up to the ul.timate 
load. 3 In the analysis, it was possible to specify the number of 
critical shear planes through each fastener. Assuming complete 
double shear, the ultimate strength of the i·1odified Bolted Joint 
and the Modified Riveted Joint were predicted \•Jitl1in an accuracy 
of 3.9% and 8.5% respectively. 
• 1.3 Objective of This Studx 
The previous experimental studies on the Si.mu.lated 
Bridge Joints6 and the Modified Joints9 were of exploratory na-
ture. Further studies were required to evaluate i,n detail the 
u1timate strength characteristics of shingle joints so that the 
fu11 range of behavior would be known. 
_iii, 
In the present study, both analytical studies and a 
compJ.imentary experimental program coverin(g a \•,icle range of param-
eters were undertaken. The local and overall c.lcfo1,,;:1c:tt~~~c)n char-
acteristics of shingle joints were further examirte:cl t=o c~or1i i rin 
the previous observations that the expected slip in lar<;e sliingle 
• 
',. 
• 
• 
--~...,.,....._"""""""!~~~111!§!1!1!-_ ··-=-°""' •. <i : •--•~ .... •-irii ;.........,!!!-~!!!::.,,.-·~~..._"'--__ IIII ___ . -- ---
.•.. 
... 
. . 
- . . . 
-
. '· 
• 
• 1 • joints is 1ess than the hole clearance. The b,ehavior of the 
joints in the working load range and in the non-linear range was 
also examined, and existing methods for determining the approxi-
, mate distribution of load were compared with the experimental load 
partitions. The test results were also intended to provide ex-
perimental confirmation for the theoretical solution for shingle joints suggested in Ref. 3 and to show the ,;c:1li(l i ty of the ulti-
mate strength trends predicted in the analytical stuclies. 
The final object was the development of design criteria 
that would provide the basis for specification provisions leac!ing 
·to more economical and safe design. 
. . . 
. -
.. ' .. 
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., 
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2. PRELIMINARY ANALYTICAL STU.DIES 
• 
2.1 Introduction 
The theoretical analysis for shingle joints developed 
in Ref. 3 was used to study analytically the effects of various joint geometries on the ultimate strength. The non-dimensionalized 
ratio of the predicted ultimate strength to the working load of 
the joint, P /P, was used as an index of joint behavior. Changes u w 
in the ratio resulting from variations in joint geometry were 
examined. 
• 
• 
The idealized joints were assumed to have A572 steel 
plates fastened by A325 high strength bolts. The yield str'c:ss and 
ultimate tensile strength of the plates were taken to be 60 ksi 
and 88 ksi, respectively. The working loads for the joints were 
determined from the main plate net areas. 
. ·• . 
" 
·-The variables studied were (a) the ratio A /A, defined n s 
as the ratio of the net main plate area in the first region to 
the total effective fastener shear area; ( b) the tc)tcll number of 
fasteners, N; ( c) the number of fasteners per reg io11; and ( d) the 
number of regions. 
~-2.2 Joint Behavior 
.. 
• 
Fig. 1 shows the change in joint strength with l..ength 
.. 
8. 
• 
.. 
,, 
• 
• 
.. 
., 
> • 
-
- . . . ·~ . 
• 
• 
9. 
for values of An/As ranging from 0.375 to 1.00 for shingle joints 
with three equal length regions. The fasteners were assL1;-:-:c:: to 
act in double shear in all three regions. This correspor1::::: to a 
variety of allowable shear stresses. Ratios of A /A bett,,;een n s 0.375 and 0.5 are typical of current friction-type joints. An 
A /A ratio of 0.625 corresponds to a shear stress of 22 ksi . n s 
As observed in previous studies of butt joints, a decrease in 
average joint strength occurred with an increase in length. 4 , 5 
Figure l indicates that only minor changes in joint 
strength beyond the working load resulted in spite of substantia1 
· variations in joint proportions. Joints with A /P.. ratios of n s O. 75 have 20% higher working loads than joints \vit11 ....... / ...... I' j (. 1 • I • • 
I1 S 
ratios 
· of O. 625. The decrease in ratio P /P between the trs.,,o 7-. /7-. u w n' s levels was less than 5%. A 40% increase in plate capacity be-
tween the 0.625 and o.,875 A /A ratio only resulted in a 10% n s 
decrease in the P /P ratio. This indicates that the same nu.m-u w 
her of fasteners are capable of satisfactory behavior at allow-
able shear stresses up to 40% higher than used in current prac-
.. 
·tice for bearing-type joints. 
\ 
The strengths of the joints summarized in Fig. 1 were 
predicted assuming double shear behavior tr1rougr1ot1t: t1-1e joint 
length. In Fig. 2, the effect of assuming only· sir1slr· :.3tlr·z:r be-
havior in the interior regions and its effect upon ·t:11e :.:r·c: :=~-c~ted 
ultimate strengths is shown. The ratios, P /P, from Fig. 1 are u w 
• 
·~. 
• 
-~s.-· 
'· 
. , 
. - ,./ 
.. ;·· 
• 
• 
.. 
• 
10. 
compared with the predicted strengths based on the assumption 
of double shear in the first region and single shear~ ir1 t11e in-
terior regions • 
At the lower An/A5 ratios, the predicted strengths of 
the joints were comparable for both idealizations of joint be-
• havior. At higher A /A levels the load carried by interior n s 
fasteners was greater and a reduction in effective shear area had 
a more pronounced influence on joint strength • • 
Assuming a reduction in effective shear area increases 
the An/A5 ratios, and causes an increase in fcstener stress. 
The 0.625 A /A ratio for double shear correscc)r1c::-~ to a11 c1llow-n s ~ 
able shear stress of 22 ksi. With the interior f astc~r:.t~r:~ i.n 
single shear this becomes 0.938. This corresponds to i:::r~ effec-
tive shear stress of about 34 ksi at the main plate \•.101"'~~::.r~; load level. Hence the predicted strength of shingle joints \•Jith 
"' 
double shear in Region 1 and single shear in the interior regions 
at a 34 ksi stress level is about the same as shingle joints pro-portioned with the fasteners in double shear at a 22 ksi stress 
. level. At lower An/A5 ratios, it is apparer1t that the assump-
. tion of either double shear or single sl1c:ar ir1 tl1e interior 
regions did not affect the predicted ultimate strength sign.ifi-
cantly. 
• 
Figure 3 shows the computed fastener stress assuming • 
..•. 
• 
. 
• 
.. 
,, 
. 'l 
' .• 
' 
• 
,· 
11. 
double shear behavior in a shingle joint with an A /A ratio of n s o.so. The l.oad transferred to the lap plates in tl1e f ir,:_-,t 
gion was greater than the load transferred in the interior re-
gions as indicated by the higher shear stresses. The fasteners 
in the interior regions were not as effective as those in Reg-ion 
1. Figure 4 shows the predicted fastener stress in the same 
• joint assuming single shear behavior in the interior regions. 
The predicted ultimate strength was unaffected since comparable 
behavior occurred in the first region \~;11ich \vas critical. The 
.amount of load transferred in each region \vas aLout the same as 
predicted.for double shear. The stress in the iri. t:e1"ior ric,..-:- ions 
... ..,, 
was nearly doubled since only one shear pla.ne ,,Jas assume(: t: 
effective. Corresponding to the reduction in effective sl1ear 
area was an increase in A /A ratio from a.so to 0.75. n s 
' 
2.3 Variation in Region Length 
' be 
• 
A study was made to determine the effects of varying 
the number of fasteners in each region. The total num.ber of 
fasteners and the plate areas were maintained, but 
le_ngths were adjusted by shifting an equal number of f 2;;t-c::ters 
from each interior region into the first region. This is srio~rn 
schematically in Fig. 5 along with the predicted variations in 
joint strength. Double shear behavior was assumed in Region l 
with single shear behavior in the interior regions • 
• 
",c.: 
... 
m· 
.. 
• 
• 
.. 
• 
• 
• 
12. 
In certain cases, fastener failure was predicted in the 
interior regions when the fasteners were rearr0r1<JC-=":l. l\t tr1e O. 75 
A /A level, this occurrence was observed in the s1'1ortcr jc,ir:ts n s 
when 4 fasteners were shifted into the first region. A sliJ~11t 
decrease in strength was predicted. Essentially no variation in 
strength occurred in the longer joints. 
At the 1.12s An/A5 level, slight increases in strength 
were predicted by shifting 2 fasteners into the first region. 
Shifting 4 fasteners caused interior fastenc.:r' failures in the 
shorter joints, and thus, the increase in pr·c<J·ic~tc~cl stre.ngt:h was 
not substantial. The maximum predicted vari2tic)r1 in strength 
was about 7% and was observed to decrease in tl1e longer joints. 
It was concluded that the predicted strength of shingle 
joints of a.given length was not greatly influenced by rearrarr3-
ing the fasteners. 
2.4 Number of Regions 
A study was made to determine the effect of varying the 
number of main plate terminations, i.e:, the number of regions in joints. In the study, the strengths of joints \•1itl1 one, two and 
three regions and the same number of fasteners were comr)2red. 
Double shear behavior was assumed in the first region ,,,.,i tY1 single 
shear in the interior regions. The one-region joints \1,ere 
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symmetrical butt joints having the total main plate area termin-
ated at one location. In the two-region joints, trH2 r.lc1in plate 
area was terminated in equal amounts at two sep<]I'/: t · ·1 ~, r • / ! t 1 on s --- -h ........ • 
The three-region joints had the geometry shown in F'ig. 2 . 
Figure 6 ·shows the change in ratio, P /P, due to var-. u w iation in the number of regions. At the 0.5 A /A ratio, little n s 
variation in strength was predicted by changing the number of 
regions. Similar results were shown in Fig. 2 for three-region joints when the assumptions of complete double shear and rrodified 
double shear were used. Compared to the butt joints with 0.75 • 
A /A ratios, the two- and three-region joints were less efficient. n s 
Greater variation was predicted in the shorter lengtl1s, however 
• it is doubtful that short joints would be shingled. 
At higher A /A ratios, the distribution of load in the n s 
interior fasteners is greater than at lower A /A ratios. Tr1,..1s, . n s terminating the main plates at different locations and thereby 
reducing the effective shear area causes a reduction in predicted 
ultimate strength. 
• 
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3. DFSCRIPTION OF TESTS 
3.1 Test Program 
- A test program consisti.ng of nine shingle joints was 
-. __ . ;, 
. . ., . 
developed on the basis of the preliminary analytical studies. 
The program was intended to show experimentally that the ulti-
mate strength trends predicted by the analytical studies were 
valid, and to further verify the theoretical solution for the 
strength of shingle joints·. 3 
The geometry of the test joints is summarized in 
Tables 1 and 2. Each joint was composed of a single line of 
fasteners. For each joint, Tab1e l gives the total nu.mber of 
fasteners and the number of fasteners in each region. Also 
listed are the joint lengths, the individual region le.ngths and 
the gage distances. In Table 2, the areas of the 1-inch main 
and lap plate components for each joint region are given. 
Joints l, 2, s, 7 and 8 were 3-region joints inten.clc~cl to show 
experimentally the effects of removing f astene;r,:::; frc\n'\ t11e: . in-
terior regions, and shifting fasteners from tl1e irttt_:I-'i,,_;1· re~Jions 
into the first region. Joints 7 and 8 were comparEil)_-Lc; to a 1:1,1fJe 
strip from the Modified Bolted Joint reported in l~ef. 9. Joi11t 7 
had twice as many fasteners as the Modified Bolted Joint, and 
• 
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Joint 8 had twice the number in the first region. 
areas were comparable as illustrated in Table 2. 
-
• 
is • 
The joint 
Joints 3 and 4 were designed as 2-region joints in-
tended to show the effect of the number of regions and varia-
tions in An/A5 ratio. Joint 3B was identical to 3A except for 
the type of fasteners. Huck fasteners were used in Joints 2 and 
3B. All other joints were fastened with 7/8 in. A325 bolts. \) 
3.2 Fabrication 
All shop work for the fabrication of the plate assem-
.. blies was done at the American Bridge Company fabricating sl1ops 
in Ambridge, Pennsylvania. The individual plate assemblies were 
cut from 2 large plate sections of the same rolling. A strip 3 
feet wide was cut from the center of each large plate for materi-
al property tests. All holes were sub-drilled in the large plate 
sections prior to cutting. The individual plates were flame cut 
and then finished to the specified dimensions after assembly. 
All holes were then reamed to 15/16 in. In the g ..,.,,,l· r-:i·· ...•. -; r.,·, (,'r1r1~. of -· ..._ ~-~ r __ ,. __._ ..., " ~ ~ .._... jl, 
-..,. oli ........,, 
,_ ,.L.. 
-· 
the test joints, the plates were held in place ~ .. ;i t11 cont ~~-rtticJtis 
1/4 inch bead welds to insure a uniformity of wedge gri[J z1c:t:_on .• 
during testing. The joints were shipped with temporary holdi,ng 
bo1ts. 
Bo1ting-up operations were carried out at Fritz 
.. 
.,. . -
• 
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~· 
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Engineering Laboratory, Lehigh University. The turn-of-nut 
method of tightening was used for the joints fci:,tc:r~c:'..: ·.·.:it11 A325 
bolts. Bolt elongations were measured after tigl1tcr1ir1g to deter-
mine the clamping forces. 10 
• 
The Huckbolts were installed with· equipment furnished 
by the Huck Manufacturing Company. Figures 7 and 8 describ·e 
schematically the Huckbolt and illustrate the i.nstallation pro-
cess. A detailed description of the Huckbolt is given in Ref. 7. 
3.3 Material Properties 
The plates used for the experimental program were of 
ASTM A572 Grade 50 structural steel from the sarne }:~at. 
properties were determined from a series of standard plc1t:-c 
tests. The mean static yield was 49. 0 ksi with a stand2.r,.J . . ,- -'I -~-' •• ~ -.. • t.! \/ ...l CJ ._ 
tion of 2.25 ksi and the mean tensile strength was 79.0 ksi with 
a standard deviation of 3.12 ksi • 
Three separate lots of A325 bolts were used. Bolts 
with a 5 in. grip were used in Joints l, 3A, 4 ands. Joint No. 6 
required a special lot due to its 8 in·. grip. Tension shear jig 
tests were conducted to determine the shear strength and u.ltimate • 
shear deformation. 11 The calibration test results are summarized 
in Table 3. Load-deformation relationships for clircct t~crl::.~. ion 
and torque tension were a1so developed for Lot SA l·(:>lt:s t:c) be 
used in determining the bolt cl.amping force. These relationships 
• 
--------~--··--· 
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were already available for bolt Lot XA. 8 
The bolts used in Joints 7 and 8 were from the same Lot 
used in the Modified Bolted Joint. 9 Since the grip distance in 
the Modified Bolted Joint.was 4-1./2 inches, Lot G bolts, origi-
nally made for this grip, slightly underfit the 5 inch grip re-
quired in Joints 7 and 8. There was insufficient lx:>1t extension 
outside the plates to engage the full thread of the nuts as ob-
served in the sawed section of Joint 7 in Fig. 17. 
about 3/16 in. occurred at the ends of the bolts. 
tension calibration tests were conducted using tl1e 
A recess of 
Botl1 she<1r and 
to determine its effect upon the shear strength and clcJr:~.r :~r~g 
force. The results are summarized in Table 3 a.nd are comt::,]red 
.. 
to the results for the normal 4-1/2 inch grip with a full nut. 6 , 9 
The bolts provided the same shear strength for both grip lergths 
since no shear plane intersected the threads. However, a 10% 
decrease in torque tensile strength was observed. The average 
clamping force at 1/2 turn was similarly affected as shown in 
Table 3. The average clamping force of 45. 5 kips measured in 
Joints 7 and 8 still exceeded the specified minimum tension in 
spite of the lack of full nut engagement. 
Shear calibration tests for the Huck fasteners were 
also conducted. The resuits are 1isted in Tab1e 3 • 
3.4 Instrumentation and Test Procedure 
The instrumentation of the test specimens was simi1ar 
• 
• 
·ii!· . 
• 
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to that reported in Ref. 9. Fig. 9 illustrates a typical in-
strumentation set-up. Dial gages were positioD.ecl c:-:t: loc:c::t:ions of 
main plate termination and midway between to record locc~l ~~2-i1) 
behavior. Overall elongation was measured by dial gages along 
both faces of each joint. Electrical resistance strain gages 
were used to determine the distribution of force in the main and 
lap plates along the length of the joint. Lines were also scribed 
along the plate edges at positions of bolt centerlines to show 
the amount of hole offset and relative plate movement. 
All of the test joints were loaded to failure in static 
tension. A S,000,000 lb. universal testing rnacl1ine \1 itl1 flat 
wedge grips was used. Fig. 10 shows a specirrler1 in t:1iL: t:;~sting 
machine prior to loading. The procedure used \•Jas sirn:~lL::· to 
earlier studies •1 , 6 ' 9 The joints were loaded in 100 kip, ir1cre-
ments in the elastic range. Dial gage readings were ta.ken at 
each increment of load and as joint slip was experienced. The 
load increments were reduced to 50 kips as non-linear behavior 
was encountered and then to 25 kips as the predicted ultimate 
load was approached. Strain recordings \•Jere taken at all load 
increments until joint failure. 
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4. TEST RESULTS AND DISCUSSION 
4.1 Slip Behavior 
Figure 11 shows the load-deformation behavior of Joint 
1 which was typ.ical of the behavior observed in the ot11er' tr~~~t joints. The shingle joints normally exhibited two sepurz:t·c~ load 
levels or stages at which major slip occurred. At the first :~lip 
load, substantial rigid body movement occurred along the shear 
plane adjacent to the main plate terminations with little or no 
movement along the second shear plane. The overall elongation 
. 
at the first slip was about 50% of the total bolt-hole clearance, 
as shown in Fig. 11. At the second slip load, rigid body rrovement 
w~s experienced along the ~second shear plane with some additiona1 
slip occurring along the first shear plane. The tot cJl overall 
-·· movement was normally less than the bolt-hole clec1rc~r1ce. Each 
major slip was accompanied by a sudden decrease in t11e load 
applied by the testing machine, as shown in Fig. ll. 
. ' 
: .. 
.. :_ : 
• 
Table 4-A compares the overall slip behavior of the test joints. Listed are the joint clamping forces and the first and 
of the slip coef f icie.nt, K , 
s 
second major slip loads. Values 
corresponding to the first major slip load are given, assuming (a) two equal shear planes and (b) double shear in the first 
19. 
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region and single shear in the interior regions (called effec-
tive slip in Col. 7). 
20 • 
It appears that assuming two equal shear planes when 
computing the slip coefficient for shingle joints can be m_is-
1eading. Unlike butt joints, the transfer of load in shingle 
joints is not equal along each shear plane due to the unsymmet-
ric positioning of plate terminations. This may lead to pre-
mature slip along one or more slip planes. (A relatively 1ow 
slip coefficient could then be indicated for the joint by assum-
ing an equal shear transfer). 0.3 were 
f d f J . t l 4 5 7 d 8 
· 1 ' 
Oun Or 0 ~,.... S an as sum1 nrr -, r) ,.. -, , l --, ..-,, ' - ., T" tT" ~ns 
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fer. The effective slip coefficients (Col. 7) 
assumption of double shear in the first region 
in the interior regions, are in better agreement \t;i th ot1-ter test 
data. 
• 
. . The clamping forces used in the calculation of the 
s1ip coefficients for Joints 2 and 3B v,ere determi.ned from the 
mean clamping force found by installing several Huck fasteners 
in a. calibrator. It is believed that the actuc1l clamping forces 
developed by the fasteners in the joints are 10 to 1s:-~. r1igher 
than the forces indicated by the calibrator. 
crease in slip coefficient for these joints occurred as expected. 
It was evident that the shorter, stiffer shingle joints 
.. 
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with high An/A5 ratios, such as Joints 2, 3A and 3B, provided 
the greatest slip resistance. In the other joints, major slip 
first occurred at loads corresponding to somewhat 1ower slip 
coefficients. 
• 
The least slip resistance was observed to occur in 
Joint 7 where the slip coefficient, assuming double shear, was 
0.147. In the previous large bolted shir11gle joint \•Jhich had 
comparable plate area but half the number of slip 
6 coefficient of O. 31 was reported. This was nea.r·l::/ t·r.,.iice t:r1e 
value found for Joint 7 indicating that the slip resistc1r1ce t,,;as 
not increased by doubling the number of fasteners. 
In Joint 7 slip only occurred along the shear plane 
adjacent to the plate terminations. No rigid body movement was 
observed along the other shear plane. As shown in Fig. 12, the 
total amount of slip was small, amounting to atout 50% of the 
total bolt-hole clearance. This was comparable to tl1e arrou.nt • 
of slip observed in the earlier large bolted shingle joint. 6 
As reported in Ref. 6 and also found in this study, 
the total amount of slip in shingle joints tends to be less than 
the hole clearance. Since shingle joints are most often used 
where reversal of stress is unlikely because of the large dead 
loads, it appears reasonable to assume that shingle joints are 
not slip-critical. Hence, the emphasis in design coul.d be 
placed on joint strength rather than slip. 
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Figure 13 shows the load-deformation behavior that 
I 
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occurred at two locations along Joint l. As obse::r1•Jc::~: ir1 c~,Jrlier 
6 studies, two types of response were encountered. 
shown in the top half of Fig. 13 was typical of the bel10\li.c\r· ob-
served at the ends of the joints and at main plate termir1at ior·ts. 
Elastic deformation between the main and lap plates was observed 
. 
prior to the major rigid body movement experienced at slip. The 
second type of response observed in the joints is shown in the 
bottom portion. Near the center of the joints where no discon-
tinuities occurred, the forces in adjacent pldtes were more 
nearly comparable. No relative movement \•las o1)served along the 
shear planes until major slip was experienced. 
The amount of slip along the shear plane adjacent to 
the p1ate terminations was greater than the rigid movement along 
the other shear p1ane. 
The magnitudes of the local slip at the ends of the 
plates were always larger than the slip indicated by the tota1 
elongation gages (compare Figs. 11 and 13). This condition was 
also observed previously. 7 
• 
,, 4.2 Joint Strength 
The shingle joints tested in this series exhibited two 
distinct types of behavior in the non-linear range. Tho~:c~ · .. ,-:i.tl1 
relatively high A /A ratios provided load-deformation curves n s 
• -~ 
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·with relatively l?-ttle non-linear deformation, as sh:own in Figs. 
11 and 14. This behavior was also typical for Joints 2, Sand 6. 
Multiple bolt shear failures occurred in these joints. As shown 
in Fig. 15, all six bolts in the first region of Joint 1 were • 
sheared. In Joint 5 (Fig. 16) all the f aste.ners in the interior 
regions were sheared. Complete shear failures were observed in 
Joints 2, 3A and 3B. The ultimate loads for all test joints are 
listed in Table 4B. 
The second type.of observed behavior was in joints with 
lower A /A ratios. The load-deformation cur\/es '.•/ere r,1~:~1r~,:1cter-n s 
ized by a long flat portion after gross section )'ic~1,:~::;, r1S :~!10\r/f\ 
in Fig. 12. This behavior was also typical of Joints 4 ar1ci 8. 
Failure occurred by either a shearing off of the end fasteJ~~er • 
-accompanied by necking in the main plates or by fracture of the 
p~ates. In Joint 4, shown in Fig. 17, a fracture occurred at 
the bottom of the joint in the lap plates. Considerable neck.ing 
was also evident in the main plate at the top of the joint. 
Figure 18 shows the sawed section of Joint 8 illus-
trating the fastener deformation after f ailur~e. Tl1e c~rt1~i fastener 
had sheared off along the shear plane adj a.cent to t1"1c: J)lcite cut-
offs. The amount of bolt deformation decreased rc:1 t)i:~:l·/ r..,-.. c.;:~: the 
-
end fastener toward the middle of the joint conf irrnir1rJ· t:~c1t: t11e 
end fasteners were critical. An apparent dou.ble-shear cor1:~::.~..:ion 
existed in the first 6 or 7 fasteners of Region 1, as indicated 
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by the deformation along both shear planes. Thereafter, the fas-
teners appeared to be essentially in single-shear, trc1r~:-.f e:T'r,:i,:-.r] 
J.oad primarily to the lap plates adjacent to the main f)lE:t\~ c2l1t-
offs. The double shear behavior in Region l was also evident in 
Joints 1, 4, 5 and 7. 
• Figure 19 sununarizes the measured hole offsets in 
Joint 3A at the 1000 kip load level just prior to failure at 
1030 kips. Failure occurred by a complete shearing of a.11 fas-
teners along the shear plane adjacent to the plate cliscontinui-
ties. The deformation along the failure s1-1ec:I' 
than the deformation along the secondary s11ear plar.c. 1'l1is s. ame 
condition was observed in Joints 2 and 3B. Al.l of 
· had an A /A ratio of l.13 (assuming double shear) and e>:l1it;it:c<i n s 
rigid pl.ate behavior. It was apparent that these short stiff 
joints did not redistribute load as readily to other plate e1e-
ments as the more flexible joints. 
... 4.3 Comparison of Theoretica~ Solutio~ to Test Resu1ts 
The theoretical ultimate strengt11 of the test joints 
was determined assuming, ( a) complete double shec:~r l-"e:::(:}·,;ior, and (b) double shear behavior in Region 1 with single ;;}·:cc1T· =..r1 t·r\e 
interior regions. In Table 4-B, the theoretical predictior1s are 
compared with the test results. 
Except for Joint 2, the predicted u1timate loads 
,.; 
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assuming complete double shear were within 10% of the experimen-
tal values. The largest variations were in t11e sr1ortc~r joi:1ts 
with high A /A ratios. The strengths of these joints were over-. n s 
estimated. 
The tests showed (Fig. 18) that double shear did occur 
in the first region but that single shear was more evident in the 
interior regions. The analytical predictions of the joint 
. 
strengths assuming this type of behavior were comparable to the 
predictions assuming complete double shear in Joints l, 4, S, 6, 
7, and 8 (compare columns 4 and 5 in Table 4-B). In Joints 2, 
3A, and 3B with relatively high A /A ratios, a substc:Irtt~c:11 n s 
crease in strength was predicted by assuming single s1122r· ir1 the 
interior regions. This was in agreement with the experimental 
results. 
As i11ustrated in Fig. 19, Joint 3A exhibited rigid 
.. pl.ate behavior along its length. The measurements indicate·d that 
a double shear condition did not exist near the ultimate load. 
Assuming double shear resulted in an overestimate of the joint 
strength by about 10%. The theoretical predictions for Joints 2, 
3A, and 3B, assuming- single shear in the interior regions, were 
slightly conservative compared to the test results. 
Columns 6 and 7 of Table 4-B compare the An/A5 ratios 
.· of the test joints that correspond to the assumptions of cor:IL;lete 
and modified double shear. 
• 
An increase in A /A ratio occurred n s 
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by reducing the effective fastener shear area. The A /A ratio, n s 
.0.75, in Joint 1 assuming double shear, corrcspor1cl~ - r tC) cln c· tr ec-
tive shear stress of about 22 ksi at the plate 1,,,·o~'};_~~=-~·; lc)i:ici 
level. For the observed behavior, i.e., single shear • in-i11 tl1e 
terior regions, the effective shear stress is 34 ksi. Thi~) is 
only slightly greater than the recommended value of 30 ksi for 
bearing type joints suggested in Ref. 4. The predicted strengths 
for both types of behavior were comparable and slightly less than 
the test results for Joint l. This agrees with the observations 
in the analytical studies that shingle joints would behave satis-
factorily if designed for complete double shear using the con-
servative current specification of 22 ksi. 
The effective shear stress in Joints 2, 3A and 3B cor-
responding to double shear in Region 1 with single s11cc11) ir1 4 ' cne 
interior regions is 45 ksi. Thus, the ge-ometries of the~;c:: jc1ir1ts 
are not likely to occur since excessively high allowable s"t'd:;cir 
stresses would result. It is also unlikely for a joint with 
only 12 fasteners in line to be designed as a shingle joint. 
The analytical studies predicted that varying the re-
gion J.engths by shifting fasteners into the first region would 
not greatly influence the ultimate strength. In the study, double 
shear was assumed in Region 1 with single shear in the interior 
regions. In certain cases, failure was predicted in the interior 
fasteners. 
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In the test program, Joint 5 had 4 fasteners shifted 
into the first region. Joint l had equal re·gion lengtl1s. The 
predicted ultimate strengths for Joints 1 and 5 are compared in 
Table 4-B. When single shear was assumed in the interior regions, 
a slight decrease in strength was predicted by rearranging the 
fasteners. A predicted interior fastener failure also resulted. 
Assuming double shear throughout the joint resulted in a slight 
· increase in predicted strength. 
The two theoretical predictions bounded the recorded 
ultimate load of 1142 kips for Joint S. The predictior1 c1s~~l1r.1ing 
single shear in the interior regions was slightly conserv,1t i:,.:e. 
An interior fastener failure was observed as shown in Fig. 16. 
The variation in recorded strength between Joints 1 and 5 of 
about 6% was in reasonable agreement with the trend observed in 
the analytical studies • 
• 
Figure 11 compares the predicted load-deformation curve 
with the test results for Joint No. 1. The de-
· formation was determined by integrating the 
plate deformations along the joint length. After tl1e f ii:,~:t r:1ajor 
slip load, the measured slip was added to the computed 
tion. The theoretical curve followed the test results up to the 
.. 
• predicted ultimate load of 1149 kips. The joint sustained further 
· loading and continued to deform until failure occurred in the end 
fasteners at 1210 kips. The predicted ultimate streng-th was 
within 5% of the experimental value. 
• 
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Figure 20 compares the predicted distribution of load 
in the main and lap plates with the measured plate forces at the 
ultimate load level. Good agreement exists al.ong the total. le.ngth 
of the joint. 
4.4 Comparison of Joint 7 and 8 with the Modified Bo1ted Joint 
Table 4-B compares the predicted behavior of Joints 7 
and 8 with a gage strip from the Modified Bolt eel Joint. 9 The Mod-
ified Bolted Joint had 16 fasteners in line \•1it11 ci ciistribution 
of S, 5 and 6 fasteners per region. With comparable 
.Joint 7 had twice the total nwnber of fasteners, a.nd Jo:i.rtt '2 t~~ad 
twice the nwnber in the first region. For direct analytical com-
par.ison, the material properties of Joints 7 and 8 were assumed 
in predicting the ultimate strength of the Modified Bolted Joint. 
The effective shear stress in Joint 7 at the p1ate 
working load level assuming double shear in Region 1 and single 
shear in the interior regions was about 14 ksi. This was com-
parable to the stress commonly used in briclge joints. In t:}1e 
Modified Bolted Joint the stress was analogous to tl1at c1f Zi 1Jear-
ing type joint using the allowable stress reconunended in ~:ef. 4. 
The ultimate strengths were predicted assuming' (a) com-
plete double shear and (b) double shear in Region 1 with single 
shear in the interior regions. The predictions for the two types 
of behavior were comparable as shown in Columns 4 and 5 (Table 
.. 
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4-B). For modified double shear behavior an increase in strenr,;th ..., 
of about 12% was predicted by doubling the number of faster1ers 
in the Modified Bolted Joint. The same effect was predicted by 
doubling the number of fasteners in only the first region. In 
each case bolt failures were anticipated. 
. . ~. 
• The experimental results were i.n good agreement with 
the analytical predictions. As reported in l?cf. 3, the pre,dicted 
strength of the complete Modified Bolted Joir1t assuri1irtg ciouble 
shear was within 5% of the experiment load of 3550 kips. 
It was concluded that the strength of large bridge 
. joints would not be substantially decreased by removing up to 
half the number of fasteners currently used in desig·n. 
4.5 Behavior of Huck-Fastened Joints 
Joints 2 and 3B were fastened with Huckbolts. Joints 
3A and 3B were identical except for the type of fastener. 
The average clamping forces for the various ~lt lots 
are listed in Table 3. The clamping forces develc) r,ecJ. '. . ~ . . ck ~ .. , • ~- t ,...... ., ,,., l·li· ·1u -,,.__, J ' ,. •. ,.__,... ~ • 
bolts were estimated by installing several fasteners in a ~;}~~i.::;:.ore-
Wilhelm calibrator. The average force per bolt of 45. 6 kitJs \1."c1s 
about 17% higher than the specified minimum. The total joir1t 
clamping forces listed in Table 4-A for Joints 2 and 3B were es-
timated from this average value. The clamping forces in the 
,' .. ' .. 
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A325 bo1ts were determined from the measured elongations of t-:Jlts 
installed in the joints with l/2 turn-of-nut. These forces \J.1ere 
as much as 30% higher than the average Huck.bolt value determined 
in the Skidmore-Wilhelm . 
It was observed in Ref. 2 that variations in the stiff-
ness of the connected material can effect a variation in Huck.bolt 
clamping force. Higher clamping forces \•Jere fot1r1c1 in assemblies 
having the least amount of compressive deforr::.(~~t:iori. Since a 
well compacted joint is stiffer than the Skiclr.,orc~-\,.1il1ic:J_i:~. cali-
\. brator, it is believed that the actual clampir1g for~cc cic\1elc)i)ed 
in the test joints was 10-15% higher than assumed. 
. . 
The load-deformation results of Joints 3A and 3B are 
compared in Fig. 14. The various stages of slip for both joints 
are shown. As expected, slip occurred at a lower load in the 
Huck-bolted joint due to the slightly lower clamping forces. The 
difference in slip loads was about 12%. The slip coefficie,nt 
assuming two shear planes for Joint 3B \aJas o. 407 \•1}1en the cali-
brator was used to estimate the.clamping force. Since the joint 
clamping forces are probably greater, the apparent increase in 
slip coefficient was expected. 
The slip behavior of the Huck-OOlted joints was com-
parable to the behavior observed in the A325 bolted joints. 
Slightly l.ower cl.amping forces were found in the Huc.k fasteners 
than in the A325 bolts tightened by the turn-of-nut method. The 
• 
• 
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clamping forces induced in the Huckoolt fasteners however, were 
in excess of the minimum requirements of A325 1:-olts. 
The shear jig tests results listed in Table 3 sho\t1ed the 
double shear strength and ultimate deformation to be nearl~/ ~~-' .. ·:en-
tical for the A325 bolts and Huck.bolts. Joints 3A and 313 l1,1cl t:·ie 
same geometry and their predicted and measured ultimate loads 
were nearly identical for both types of assumed bel1avior as shown 
in Table 4-B. Figure 14 compares the experimental load-deforma-
tion results for these two joints. As expected, the behavior of 
Joint 3B was nearly the same as Joint 3A. The I-Iuck-oolted joint 
yielded a slightly higher ultimate strength t11an the T\ 325 l'x>lted 
joint. The correlation between the predictecl t1ltirnc~t~c ::trc:ngths 
.. and the measured strengths were comparable for tl1e I1uck and l\325 
bolted joints. 
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S. DESIGN OF SI-ITNGLE JOINTS 
.• 
5.1 Approximate Methods of Analysis 
Shingle joints like other types of connections are 
statically indeterminant, thus,_ the distribution of forcc:s de-
pends upon the relative deformations of the component merrtl)t.;rs and 
fasteners. The condition is further complicated in shingle joints 
by the unsymmetric positioning of main plate terminations. Ana-
lytical elastic solutions that predict the distribution of load 
.in the main and splice plates of shingle joints have been deve1-9 oped. The solution has been extended into the plastic range so 
as to predict the ultimate strength of the con11ection. 3 These 
theoretical analyses however, 
for ordinary design practice. Simplifying assurn1Jtic,r1~~ r:·.t1L·.t~ I)e . 
made that reduce the solution for design to one based prir:-i.:irily 
on equilibrium. 
• 
There are several existing methods for estimating' the 
distribution of force in the main and lap plates of a shingl.e 
-
splice. l2 Two of the most popular methods are: 
1. Forces in splice plates are inverse1y proportional 
to their distances from the member being spliced. 
2.. Forces in each member at a section through a sp1ice 
• 
are proportional to their areas . 
" 
In Method l, it is assumed at each discontinuity that 
• 
32. 
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the amount of force distributed to the lap plates is propctrt:iorlal 
to the area of the member being terminated. Tlle fc)r'c>~.:- :: r~ t::.-:: 
continuous main µtembers are assumed to remain uncl1an1Je::J. Tl.is is 
illustrated schematically in Fig. 21-a. The transfer of load is 
made in the region directly preceding the point of termination and 
it is assumed that the original load is restored to the spliced 
member in the region following the termination. 
In Method 2, (see Fig. 21-b) the total applied load 1.s 
assumed to be distributed to all continuous rnerrtl_:,cT\s at the posi-
tion of a main plate termination in pror)or1tio11 to t:1·1eir areas. 
No direct assumption is made regarding the amount of loac: t:rarts-
ferred to the splice plates in a particular regior1 c:~_; ir~ 1·:. '.i. :>:<~l l. lf the lap plates are of equal area, Method 2 predicts that tl1e 
shear transfer is equal along the top and bottom shear ~ .r", !""'-1 . p un e ~) l.n 
·the first region regardless of their positions with respect to 
the member being terminated. 
• 
Previous shingle joint tests.have shown that at each 
plate discontinuity, there was a sudden pick-up of load in the 
adjacent plate elements. 6 , 9 Another approx1mate method of ana1--
ysis was developed on the basis of this earlier ol)se:r~1ation and 
these test results. This method, referred to as !·1e:t1-;o,:._i 3, and 
illustrated in Fig. 21-c, assumes that the total loe:c-1 is ciistri-
. buted to a11 members at a section through the joint ir1 IJI~\Jt·,_, 1 r,•..=ion 
to their areas, first considering the terminated members as beir\g 
·i,;i 
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continuous. The load assumed to be carried by a terminating 
member is then distributed to the two adjacent plates in propor-
tion to their areas. Hence a two stage distribution is used. 
5.2 Co~parison of Design Methods with Test Results 
The partition of load in the test joints was determined 
from the measured plate strains at different cross sections along 
the joint lengths. 
Figures 22, 23 and 24 compare the measured plate forces 
in Joints 1, 4 and 8 with the various design metho:Js. 
distributions were found in the other test joints. 
sons were made at the working load levels as determined by the 
main plate net areas. 
The top portion of each figure compares the design 
curves with the measured forces in the combir1ed top lap plates. 
The central portion of each figure makes a s irrtilar comparison for 
the main plate component, and the lower port ions co1n1)are the re-
suJ.ts for the lower lap plates • 
In Fig. 25, the various methods for design are compared 
with the test resuJ.ts reported in Ref. 9 for the Modified I:.,olt~cd 
Joint. The comparisons are made for the top lap plate, mai.n 
plate and bottom lap plate components at the 2080 kip working load 
1evel. 
• .. 
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The geometry of the Modified Bolted Joint differed from 
the geometries of the recent test joints in that it .., ' ' l . r1 ~ ,.. , ~- '. •.. --, ,·. r , . 1 C e 1. c! ·-J. L. ~ , \..) .... __ ,, ~- ,' _.._ _... 
plates along the bottom shear plane. Only a single bottof:'. s1)lice 
plate was used with the test joints reported herein. 
It is apparent from the comparisons of load in the main 
p1ates assumed by Method 1 with the test results, that Method 1 
substantially underestimated the total transfer of load in the 
frist region. The measured load transferred to the splice plates 
always exceeded the proportion of main plate area initially be-
ing terminated. In Joints l, 4 and 8 (Figs. 22, 23 2r1c.: 2li-), 50% 
of the applied load was transferred to the lap 
region although only 33% of the main plate was 
first 
In 
the Modified Bolted Joint, over 50% of the applied load was ini-
tially distributed. 
T 
Loads substantially greater than estimated by Method 1 
were measured in the bottom lap plates of all joints. The test 
results indicated that the forces in the top and bottom lap 
plates were nearly equal in the first region. In the Modified 
Bolted Joint more load was actually measured in t11e combined 
bottom l.ap plates than in the top lap plate as shown in Fig. 25. 
The critical shear plane determined by Method 1 is al-
ways the p1ane adjacent to the main plate termi.natior1s. Sirtce 
1ess fasteners are-required along the bottom shear plane, the 
bottom l.ap plates are often shortened in the first region • 
• 
.•. 
;· , .... 
• 
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However, a condition close to double shear exists in the first 
region because of the large amount of force transferrr~·: tc: 
bottom lap plates. This was illustrated in Fig. 18 by t1~e :-,ijr,,,,e,d 
section of Joint 8 after failure. Equal deformation was ol)ser.,.,ed 
in the end fasteners along both shear planes. Thus, shorteni ..ng 
the bottom lap plates and eliminating fasteners from the lx>ttom 
shear plane is a wasteful practice which does not fully utilize 
the fastener. 
The greatest variation between the load partition deter-
mined by Method l and the test results occurrc·:J in t:11(; >io,J if ied 
Bolted Joint (Fig. 25). It was apparent t11at tl1e ass 1..1rr1l:'t_ i.or1s in 
Method 1 used to determine the distribution of forcQ to tr·1e lap 
plates were not very satisfactory. 
The distributions of load in the main plates of the joints determined by Method 2 were in good overall agreement with 
the measured forces. In joints 1, 4 and 8, it was estimated that 
50% of the load would be distributed to the lap plates in the 
first region. In the Modified Bolted Joint (Fig. 25), because 
of the greater proportion of splice material, it was esti.mated 
that 59% of the load would be distributed. Both assumed dist,ri-
butions were comparable to the test results. 
S1ight variation between the distributions determi.ned 
by Method 2 ·and the test results occurred in the top 
lap plates. The forces in plates adjacent to a pl.ate termir1ation 
• 
... •. 
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were s1ight1y underestimated in al.l test joints. The greatest 
deviations were observed in the top lap plates adjacr1 n~ to t:he 
first plate terminations and in the bottom lap plates acij c·i(~f~r1t to 
the final plate terminations. Increases in plate loads occurred 
at those points. Reasonable agreement was apparent between the 
distribution determined by Method 2 and the test results for de-
sign purposes. 
The distributions of force determined by Method 3 pro-
vided the best correlation with the test results. Tl1is is sl1ot.am 
for Joints J., 4 and 8 in Figs. 22, 23 and 24 and also for tr1e 
more complex Modified Bolted Joint in ·Fig. 25. The method pro-
vided a reasonable estimate of the force distributions in all 
joint ~omponents. 
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6. SUMMARY AND CONCLUSIONS 
~ese conclusions are based on ~e results of a series 
of anaJ.ytical studies and a complimentary experimental pro_:l:'i:r:1 
that examined the behavior and ultimate strength of shingle 
joints. The theoretical solution for shingle joints reported in 
Ref. 3 was used to make the analytical studies. In the test pro-
gram, nine shingle joints of A572 steel were tested. Two joints 
were fastened with 7 /8 in. Huckbolts. The remaining joints were 
fastened with 7/8 in. A325 bolts. 
(1) The analytical studies showed that A325 bolts were 
capable of satisfactory behavior at ,ollowc:1ble 
shear stresses up to 40% higher than 
current practice. 
• • l , •:~ r, .• (I ., n 
-A.,.- C ,4 ...L..-. 
(2) The predicted strengths of shingle joints propor-
tioned with the fasteners in double shear at a 22 
ksi allowable stress were not substantiaJ..ly al-
tered when the joints were assumed to have sing1e 
shear in the interior . regior1s. Tl1e resu.lting 
effective allowable stress \vas 34 ksi. 
(3) Fol' shingle joints of a given length, the pre-
dicted strength was not greatly influence:: by 
shifting fasteners into other regions. 
• 
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(4) At high An/As ratios, one-region butt joints were 
predicted to be more efficient than c;:t:: :~,, 1,, jo ~nts 
with two and three regions due to the cu:::; l·~tc 
double-shear behavior and constant . . Jo ir-·1 t 
ness in the butt joints. At lower A /A rat~os, n r_·~ ;:,, 
the number of regions had no effect upon the pre-
dicted strength. 
(5) The test joints normally exhibited two separate 
load levels or stages at which major sl.ip occurred. 
First slip occurred along the shear plane adjacent 
to the main plate terminations. 
(6) The test results confirmed the indications of 
previous studies that the total rigi : :~o _'.y r:,ovement 
in shingle joints tends to be less thc1n U:cc Lele 
clearance. Since shingle joints are most often 
used where reversal of stress is unlikely because 
of large dead loads, it appears reasonable to 
assume that shingle joints are not slip-critica1. 
(7) The slip coefficients computed on the assumption 
of double shear in the first region and sing1.e 
shear in the interior regions were in better 
agreement with other test data for clean mill 
scale surfaces. 
. . . . 
t(;'' .!!! 
_, 
;.:;, 
•· 
• 
.• 
: . 
.• 
'1 -
' . 
. . ' 
. ..:. .. ~- . 
--
• 40 • 
(8) Two distinct types of behavior in the non-linear 
range were encountered. Joints wi tr1 
ratios experienced relatively little non-li~ear 
deformation and resulted in multiple-bolt shear 
failures. In joints with lower A /A ratios, 
n s 
large deformations were measured after gross sec-
tion yielding. End-bolt shear fail.ures or plate 
failures were observed. 
(9) The tests showed that double shear did occur in 
the first region but that singlr, 
• I ' ( • -, '"' i • • ...... l - 1~- "" r e I f . • ~~-- • ...._..,, 
evident in the interior regions. In the tc:st 
joints which had an effective allowuble shear 
stress of 34 ksi or less corresponding to this 
type of behavior, the predicted strengths assum-
.. 
ing complete double shear were within 5% of the 
expe~irnental values. 
(10) It was verified by the test resu1ts that the 
theoretical solution reported in Ref. 3 cou1d 
accurately predict (a) the ult ir:cut e strength, 
(b) the load-deformation behc'J'/:ior, and ( c) the 
distribution of load in the main and comi.Jined lap 
plates of shingle joints. 
(ll) By·comparing the predicted strength and compara-
ble test results of Joint 7 with the predicted 
.. 
) 
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strength of a single line of fasteners from the 
" 
.... -. r l r"l ' ... ·1 ·.·-•o -+• "'.. t ' I 
... " .... - ...... 
Modified Bolted Joint reportecl 9, it \JldS 
concluded that the strength of large fric~t:::.c,,r1-type 
joints would not be substantially de(:I"·~:Li:: •...::: ~->Y 
removing up to half the number of f aster1ers. 
(J..2) The slip characteristics and strength of the 
. joints fastened with Huck.bolts were comparable to 
the behavior of joints fastened with A325 bolts. 
(13) The load distributed to the splice plates at the 
position of a main plate term~nation was rrore 
proportional to the area of tl1e ~; l)licc· ()lat es at 
that point than to the area of tr-te i:lC:1~i:1 ~ l<Jte 
being terminated. A sudden pick-up ir1 lo,~c.: ,.,;as 
measured in the plates directly adjacent to a 
p1ate discontinuity. 
(14) The distribution of load determined by Method 1 
can be misleading for design. Since the method 
substantially underestirnates t1-ie loac1 carried by 
the splice plates furt11es t £ron1 
tinuities, excessive numbers of 
' ~ 
- L ,. .. ,. ... ' I ·,.•-r. l I j .. .,1. 
. 
·• 
-- i, f ·~ 
-- .. .. -,...-- ~ ., ..-.L- ( .. ~- ' , ... 
sul.t. The practice of shortening tlLc: :_()t:t 
plates in the first region was shown to be 
" 
vorable since it did not allow an effective utili-
zation of the fasteners. 
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(15) A reasonable approximation of the load partition 
in shingle joints can be made by asst)r:-:·~:,,: t::1e 
force in all continuous members at t11e Ll):_ ::_t:ion 
(16) 
.. 
" 
of a main plate termination t9 be pro1}or"t:.c1r1al 
to their areas. 
• A more exact approximation can be made using the 
two-stage distribution, described as f1etho·d 3, 
taking into account the sudden pick-up of load in 
plates directly adjacent to a plate termination. 
The method accurately prediets a more effective 
use of fasteners in the interior regions. Thus, 
l.ess fasteners are required than ir1 tl·1e other 
methods. 
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•• DESCRIPTION ·oF TEST .JOINTS 
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. Specimens I, 2, 5, 7, ¢ 8 · .* Joints using • 
• Huckbolt fasteners 
TEST I1Ui·113ER FASTENERS PER REGIOrI LENGTH REGION LENGTHS OF L ( IN CI-I ES) J0II-'1T FASTEl~ERS 1 2 3 ( INCI-IES) 1 2 3 
• 
l 18 ' 6 6 6 52.0 18.125 18. 25 1] 18.125 
. 
# 
*2 12 6 3 3 34.0 18.125 9. 2 s,J 9.125 
• 
• 
5 18 10 4 4 52.0 3iJ. 12 S 12.250 12.125 
• 7 32 10 10 12 94. i) 30.125 30.250 36.125 
8 21 10 s 6 61. 1J "°? "l 1 n C 15. 25(] 18.125 . . . • :J ,_ • . ,'._ _) 
• 
• 
• 
!;!, 
•• 
• '• 
·' . 
·.·: .. 
. 
GAGE 
G 
(INCHES) 
6,375 
6.375 
6.375 
5. ()t)l 
5. ')')') 
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TABLE 1-8 DESCRIPTION OF TEST JOINTS 
•• 
• 
G 
• 
.. 
.. I 
·.•.: 
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I 
• 
* Joints using 
Huckbolt fasteners 
\~l1 ' (D rD 
TEST 1~ li'1LL.1l, C) F' JOir:T FP S rr, r' ' .. r ERS 1Ll.J..J,.I 
3-A 12 
*3-B 
.. 
·4 12 
6 12 
• 
-
-
I t'\ 
- ' 
.... 
-
-
- I V211 
-
-
I 
I 
I I • 
I I 
FASTEtI I~~S PER 
-:-1 T'(' T /\' T l,.'"t 1- ,. i 
I ·.- , • ._ • '., • 
.... .... ~ J '·· .. • w ., .. • 
1 2 
6 6 
6 6 
' 12 
-
.!(, ,._;_;_ - . .:; 
-- ---- - - --------- -------5 
L 
-
-
II 11 
f II+ + 11 - 11 -11 ,, 
II II 
- - 3 l/2'' - - 111211 - - . -
111 
• /l 
2 I • • 
V411 
' • j 
LEtJGT!-I REGI011I LE J,1;GT I-1S 
L1 ~ i f- '-.,c ( I , r (' r r r-, r, \. ·-•' !,.L . .1, .. )) ( I , . /1 r • !_, S ) I I ( ' 1 I 
• ; ,. _ _, • LJ 1 2 
33.5 18.125 18.125 
33.S 18.125 18.125 
33.0 36 . fJ0 1J 
-
- .i 
:,) 
T 
.. 
. 
. .. 
-
Specimens 
. 
. 
Specimen 6 
• 
GAGE 
G 
( I1JCi1ES) 
6. 375 
4. 1 0') 
5 . ·1·1 l) 
344 
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TAB IE 2: TEST JOINT AREAs 
• 
Main Plates l..ap J>l~1tcs Test Gross Area 1\e t 1\rea (' • 'I • .. 
,\ ~-,. ,. 'T -·~ 
..... . f" (_" 
... · ~ 1~- t ~ / i Region 7 I O ,-, . , 
• ' 1,.· \ . 
.. "' .. '~-- ,t 
Joint i Square Sqt1a1~ e Sq1,·,~-L'. s ···,: 1 ~' ,- ... ..,.- -- .. ~--· '" .. - " (4 ;, ~ d . .._ t 
. Inches Inches Inc11cs Ir1cl1es (l)· (2) (3) (4) (5) (6) 
1 19.125 16.312 12.750 l().S75 1,2,5 2 12.750 10.875 19.125 16.312 3 6.375 5.438 25. 5()0 21.750 
3A,3B 1 19.125 16. 312 12.750 10.875 2 12.750 10.875 19.125 16.312 
- .,'.'--- 4 1 12.00 9.188 8.00 6. 125 2 a.oo 6.125 12.00 9 JC'li . ·. (.) \,) 
6 1 20.000 16.250 20.00 16 r; ... ··· 
' 
' , I .' 
...... _.J . .' 
1 15.000 12.188 10.00 8 l ') ~~ 
• -~ , _ _ J 7,8 2 10.00 80125 15.00 12. 1 '... ~-( _·; '-.. - ' ... 3 5.00 4.063 20.,00 16.250 
.. 
·~J 
.. 
. ~ .•. 
:J;. 
'' 
.. .• 
• 
. ' 
' . '"1- ' 
• 
• 
•• 
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TABLE 3: FASTENER MATERIAL PROPERTIES 
Shear Jig Direct Tension Used Bolt in Ultimate Ultimate Ultimate Tensile Lot Joint Double- Shear Defor- Strength 
Shear Stress mation 
Kips • Inches si S1 
.. 
(1) (2) (3) (4) (5) (6) 
XA l,3A,4,5 106.0 88.1 0.176 146. 2 
SA 6 107.8 89.5 0.181 144.0 
G** M.B.J . 91.5 76.0 0.148 127. 7 
G 7,8 94. l 78.2 0.205 
--
~ 
Huck 2,3B 110.0 91.5 0.166 
--
* Determined from installation in Skidmore-Whilbelm. 
** Nornk:.1 l t l1read engagement, 4~ in. gr i.p. 
E:1 
• • 
Torque 
Tension Average 
Clamping Tensile Force Per Strength Bolt 
..,; 
si Kips 
(7) (8) .. 
130.0 58.9 
116.9 53.9 
111.5 51.0 
99.6 45.5 
--
45.6* 
• 
• 
• 
. 
• 
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TABLE 4-A: TEST RESULTS - SLIP BEHAVIOR 
Number Clamping 1st Slip 2nd Slip \!' Test I\. s of Force Load L6~1d D0t1 l) 1 c Uoint ff" .. · 1- .-
.. 
'· t t .• C t 1 , 1 " Sl1c~ a r ._.. ,., ... L'. . • l, 
Fasteners Kips Kips }ZiI)S (1) (2) (3) (4) (5) ( 6) (7) I 
1 18 1060 504 590 0 ')JQ • ..__ u 0.356 
2* 12 547** 360 470 0.329 0.438 
:, 3A 12 703 508 600 0.361 0.482 
3B 12 547** 446 504 0.407 0.544 
4 12 713 340 . 
--
0 ') ') 9 . .._ _) 0.318 
5 12 1055 560 1040 0 'l .. - ,-{ . • .'. .. J _) 0.3Sl~ 
6 12 646 366 
--
0 ')Q~) 
. .:... \,.) _) 0 ') c, ., 
• .L. l) _) 
7 32 1455 416 
--
0.147 0 '! 1 r_· • .:_ (_ ;! 
8 21 955 438 574 0.230 0.311 
* Joints fastened with Huckbolt Fasteners. 
** Determined from mean clamping force of individual fasteners in 
. . 
Skidmore-Whilhelm. Actual clamping forces may be 10-157. higher. 
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TABLE 4-B: TEST RESULTS - ULTIMATE STRENGTH 
Predicted Ultimate An_/As Test Failure Recorded Double Modified Double Modified Joint Mode Ultimate Shear Shear Shear Shear 
Kips Kips : Kips 
(1) (2) (3) (4) (5) (6) (7) 
1 Bolts 1210 1150 1124 .75 1.13 
2 Bolts 982 1129 943 1.13 1.52 
3A Bolts 1030 1128 904 1.13 1.52 
3B Bolts 1044 1133 918 1.13 1.52 
4 Plates 754 ~ 726 634 .64 .85 
5 Bolts 1142 1179 1105 .75 .97 
6 Bolts 1150 1128 1128 1.13 1.13 
7 Bolts 962 937 936 .32 .48 Plates 
8 Bolts 932 937 936 .48 .65 
M.B,J. Bolts sas* 841 832 .64 .98 
* Takc11 us 25 ;:~ of the teBt load ( l gage strip). 
Effective Shear Stresses 
Double Modified 
Shear Shear 
ksi ksi 
(8) (9) 
• 22.5 34 
34 45 
34 45 
34 45 
19.5 25 
22.5 29 
• 
34 34 
10 14 
14 20 
19 29 
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